Particulate (15,000g) fractions from developing seeds of honesty (Lunaria annua L.) and mustard (Sinapis alba L.) synthesize radioactive very long chain monounsaturated fatty acids (gadoleic, erucic, and nervonic) from [1-14C] 
lation of their CoA thioesters. When [1-14C] oleoyl-CoA is used as the radioactive substrate, phosphatidylcholines and other phospholipids are most extensively radiolabeled by oleoyl moieties rather than by very long chain monounsaturated acyl moieties.
When [2-14C] malonyl-CoA is used as the radioactive substrate, no radioactive oleic acid is formed and the newly synthesized very long chain monounsaturated fatty acids are extensively incorporated into phosphatidylcholines and other phospholipids as well as triacylglycerols. The pattem of labeling of the key intermediates of the Kennedy pathway, e.g. lysophosphatidic acids, phosphatidic acids, and diacylglycerols by the newly synthesized very long chain monounsaturated fatty acids is consistent with the operation of this pathway in the biosynthesis of triacylglycerols.
sation of 18: l-CoA with malonyl-CoA has been demonstrated in particulate fractions of developing seeds, such as the 15,000g fraction from seeds of B. juncea (1) , L. annua, T. majus, and S. alba (16, 17) .
It is generally accepted that in higher plants TG containing C16 and C18 acyl moieties are formed via the G3P pathway according to Kennedy (10) which consists of sequential acylations of G3P and LPA by acyl-CoAs followed by dephosphorylation and acylation ofthe resulting DG (20) . Several studies indicate that the G3P pathway is also involved in the formation of TG containing VLMFA in seeds of C. abyssinica (8) and S. alba (1 1, 13) . However, the incorporation of VLMFA from their CoA thioesters into TG via the key intermediates of the G3P pathway, e.g. LPA, PA, and DG, could not be successfully demonstrated so far (6, 11, 13, 21) . We report here the mode of channeling of VLMFA, synthesized via condensation of 18: 1-CoA with malonyl-CoA by the 1 5,000g particulate fractions from developing seeds of L. annua and S. alba, for the synthesis of TG and other acyl lipids. The pattern of incorporation of VLMFA into TG and the key intermediates of the G3P pathway are found to be consistent with the operation of this pathway.
Seed oils of many Cruciferae are rich in TG3 containing VLMFA, such as 20:1, 22:1, and 24:1 (2). Formation of VLMFA by chain elongations of 18:1 has been shown from compositional changes or radiolabeling studies in developing seeds of Brassica napus (5), Crambe abyssinica (3, 7), Tro- paeolum majus (19) , Sinapis alba (12, 14) , and Lunaria annua (15 
MATERIALS AND METHODS Plant Materials
Plants of honesty (Lunaria annua L., garden variety) and mustard (Sinapis alba L., cv Albatros) were grown outdoors and the developing seeds, collected at 6 weeks after flowering, were used. The seed coats were removed and the 15,000g particulate fractions were prepared from the cotyledons (750 mg L. annua or 200 mg S. alba) as described earlier (16 Alternatively, the lipid fractions were made visible under UV light by spraying lightly with 0.7% (w/v) ethanolic 2,7-dichlorofluoresceine solution and scraped from the TLC plate. Lipids contained in the scrapings were converted to methyl esters and analyzed by radio-GLC as described earlier ( 16) .
Radioactivity in aliquots of the aqueous phase remaining after separation ofthe chloroform-soluble lipids was measured using Aquasol-2 (New England Nuclear, Inc). Composition of the radioactive products present in the aqueous phase was checked by TLC on Silica Gel H using l-butanol:acetic acid:water (5:2:3, v/v) as solvent and [1-'4C]stearoyl-CoA as a standard. The radioactive products present in the aqueous phase were almost entirely composed of malonyl-CoA and/ or acyl-CoA thioesters. Acyl-CoA thioesters contained in the aqueous phase were hydrolyzed, the resulting fatty acids treated with diazomethane and the methyl esters analyzed by radio GLC as described earlier (16) . Figure 1 for indicated times. A, [ Figure 3 . Upon incubation with [1-'4C] 18: 1-CoA, the only radioactive product of elongation present in the acyl-CoA pool was found to be 20:1 (Fig. 3A) , although the corresponding chloroform-soluble lipids contained both radioactive 22:1 and 24:1 in addition to 20:1 (Fig. 2 ). It appears, therefore, that 22: l-CoA and 24: 1-CoA formed by elongation are more rapidly metabolized to chloroform-soluble lipids than 20: 1-CoA.
Upon incubation with [2-'4C]malonyl-CoA both radioactive 20:1 and 22:1 were detected in the acyl-CoA pool (Fig.  3B) . Decrease ofradioactive 20: 1-CoA with time and concomitant increase of radioactive 22: 1-CoA (Fig. 3B) , taken together with initial decrease of radioactive 20:1 in chloroformsoluble lipids, are in agreement with successive elongations of 18:1 at the level of the CoA thioesters. Figure 4 shows the distribution of radioactivity in the total PL, MG, DG, and TG upon incubation of the 15 (Fig. 4) . These findings are consistent with the operation of the G3P pathway (10). Formation of radioactive unesterified fatty acids (not shown) is 0.5 h 0 1.5 h 2..5 h 0 3.5 h radioactive 22:1 and 24:1 (Fig. 2) is consistent with successive elongations from 18:1 -CoA via condensations with malonylCoA, as observed earlier (16, 17 attributed to hydrolysis of the 14C-labeled acyl-CoA thioesters and/or acyl lipids during the incubations. The data presented in Figure 5A show that the major class of polar lipids that became radioactively labeled upon incubation with [1-'4C] 18: 1-CoA was PC. Extensive radiolabeling of LPA and LPC, in addition to PC, occurred when [2-'4C]-malonyl-CoA was used as the substrate (Fig. 5B) . Figure 6 and Figure 7 show the distribution of radioactivity in the acyl moieties of the major classes of PL, e.g. PC, LPC, PA, and LPA, as well as in TG upon incubation ofthe 15 (Fig. 6A) . However, 22:1 and 24:1, synthesized from '4C-18:1-CoA, which were readily incorporated into TG (Fig. 7A) , were not found in PC, LPC, PA, or LPA (Fig. 6A) . Thus, in the presence of a large excess of 18: 1-CoA in the incubation mixture, 18:1 moieties rather than their elongation products are channeled to PC, LPC, PA, and LPA. Apparently, 18: 1-CoA is the preferred substrate of the acyltransferases involved in the formation of PC, LPC, PA, and LPA.
Upon incubation with [2-'4C]malonyl-CoA, however, no labeled 18: l-CoA was detected (Fig. 3B) , but large proportions of labeled 20 (Fig. 6A ), but abundance of the VLMFA in TG (Fig. 7A) indicates that under these conditions the acylation of the sn-3 position of DG by VLMFA might be the major step in the biosynthesis of TG as proposed earlier (1 1, 13) . The (Fig. 8B ). Figure 9 shows the time course of incorporation of 18:1 and its elongation products into PA, DG, and TG upon incubation of the 15,000g particulate fraction from S. alba with [1-'4C] 18: 1-CoA. PC, as opposed to the other lipid classes, was labeled overwhelmingly with 18:1 (80-90%), to a minor extent with 20:1 (10-20%), but with no 22:1 at all (not shown). This is consistent with the data presented for L. annua in Figures 5, 6 , and 7. TG as well as the key intermediates of the Kennedy pathway, PA and DG, became radiolabeled with substantial proportions of 20:1 and 22:1 in addition to 18:1 (Fig. 9) . The time course of labeling of PA, DG, and TG with 18:1 and its elongation products is in good agreement with the involvement of the Kennedy pathway in the biosynthesis of TG containing VLMFA.
Incubation of the 1 5,000g particulate fraction from S. alba for 1.5 h with 18:1-CoA and [2-'4C]malonyl-CoA yielded radioactive VLMFA (5-15% 20:1 and 85-95% 22:1) but no radioactive 18:1 (not shown).
The time course of distribution of radioactivity in the products ofincubation shows that the decrease ofradioactivity in malonyl-CoA was accompanied by rapid radiolabeling of the chloroform-soluble lipids, but the level of labeled VLMFA-CoA thioesters remained low and essentially constant throughout the incubation (Fig. lOA) (Fig. lOB) is porated into TG (Fig. 12B ). This shows that in accordance nt with the operation of the G3P pathway (10) Tme (h) Figure 11 . Incorporation of radioactivity into lipids recovered from 1 (6, 11, 13, 21) . LITERATURE CITED
